High-resolution radio observations of the nuclear region of Luminous and Ultraluminous Infrared Galaxies (ULIRGs) have shown that its radio structure consists of a compact high surface-brightness central radio source inmersed in a diffuse low brightness circumnuclear halo. While the central component could be associated with an AGN or compact star-forming regions where radio supernovae are exploding, it is well known that the circumnuclear regions host bursts of star-formation. The studies of radio supernovae can provide essential information about stellar evolution and CSM/ISM properties in regions hidden by dust at optical and IR wavelengths. In this contribution, we show results from radio interferometric observations from NGC 7469, IRAS 18293-3413 and IRAS 17138-1017 where three extremely bright radio supernovae have been found. High-resolution radio observations of these and other LIRGs would allow us to determine the core-collapse supernova rate in them as well as their star-formation rate.
Introduction
Starbursts are intense periods of star formation within a galaxy, with typical lifetimes of 10 8 -10 9 years. The presence of a starburst is associated with a violent supply of gas to the central regions of the galaxy, a process which is usually triggered by merging and/or interacting processes between galaxies.
Ultraluminous Infrared Galaxies (ULIRGs) are excellent candidates for starburst activity [17] . The high IR luminosity is thought to be caused by the dust grains that are heated by photons coming from young stars which are formed within the starburst. Indeed, it is possible to estimate the star formation rate for stars more massive than ∼5 M from the Far Infrared Luminosity, assuming that most of the energy in photons emitted by young stars is used in heating the dust. These massive stars dominate the overall stellar luminosity and end their lives as supernovae. Therefore, the detection of radio supernovae (RSNe) is a useful tool in understanding the physics of star-formation processes, in particular in the dusty environments of the central regions of galaxies. The supernova rate is a direct tracer of the formation rate of massive stars, and can be used to calculate the total star formation rate, if a certain initial mass function for low-mass stars is assumed. In that sense, highly luminous and ultraluminous infrared galaxies can be considered the best candidates for "supernova factories". In any case, one word of caution should be given: with our radio interferometric observations, we only detect those RSNe with a flux density over the sensitivity limit of our interferometric array. In that sense, from our radiointerferometric observations we obtain a lower limit for the Star Formation Rate.
High resolution radio observations of nearby starburst galaxies have shown that its compact radio structure consists of a compact (≤ 150 pc), high surface brightness (T b ≥ 10 3 K) central radio source immersed in a low surface brightness circumnuclear halo. The compact, centrally located radio emission in these starbursts might be generated by a point-like source (AGN), or by the combined effect of multiple radio supernovae and supernova remnants; on the other hand, it seems well established that the circumnuclear region of those objects host an ongoing burst of star formation. High resolution radio observations of Luminous Infrared Galaxies (LIRGs) in our local Universe are a powerful tool to probe the dominant dust heating mechanism in their nuclear and circumnuclear regions.
Arp 220 is the prototype ultraluminous infrared galaxy with a luminosity of log L F IR = 12.11 L . Smith et al (1998) [18] and, more recently, Lonsdale et al (2006) [10] have imaged the nucleus of Arp 220 using Very Long Baseline Interferometry (VLBI) observations at 1.6 GHz. The high sensitivity and ∼ 1 pc linear resolution observations [10] have shown that the compact radio emission consists of 49 point sources with flux densities between 60µJy and 1.2 mJy, which are interpreted as SN 1986J-like RSNe. The authors support a simple starburst model for the Arp 220 infrared luminosity, with a supernova rate of 4±2 yr −1 , which corresponds to a star formation rate of 50-100 M yr −1 . The observed radio supernovae properties are strongly influenced by the Interstellar Medium (ISM). Recently, Parra et al (2007) [13] reported the detection at multiple wavelengths of some of those compact sources, presenting radio spectra of the 18 detected sources. The spectra were modelled using a power-law and freefree absorbers. These spectra varied from steep to flat, indicating the presence of both relatively young supernovae along with supernova remnants. The large number of bright, type II-n like, SNe made the authors propose that the IMF of the stars in the nuclei of Arp 220 is a top-heavy one.
Another well studied case is the is the dusty circumnuclear star-forming, kiloparsec-size ring of M82 in which more than 50 supernova remnants have been identified and studied [12] . With high linear resolution, it has been possible to determine the distribution, luminosity, sizes, spectral indices and, in some cases, expansion velocities of the remnants. The relatively compact remnants in M82 are found to be expanding over a wide range of velocities that appear unrelated to their size. Moreover, assuming a common expansion velocity of 10,000 km s −1 for all the remnants, a supernova rate of 0.07yr −1 can be obtained. This can be used to calculate a star-formation rate (stars ≥ 5 M ) of 1.8 M yr −1 [12] .
The case of SN 2000ft in NGC 7469
NGC 7469 is a well known barred spiral galaxy located at a distance of 70 Mpc, containing a luminous Seyfert 1 nucleus surrounded by a dusty starburst of about 1 kpc in size [19] . NGC 7469 is a very luminous infrared galaxy with Lir(8-1000µm) = 5 x 10 11 L were 2/3 of the luminosity is emitted by the starburst [7] . Moreover, there is evidence for a 10 7 M central black hole coming from reverberation mapping [14] .
We initiated a high sensitivity VLA A-configuration X-band monitoring program of NGC 7469 in order to detect RSNe. In fact, on 2000 October 27 a strong compact radio source was detected in the circumnuclear starburst of NGC 7469 (see Fig. 1 ; Colina et al (2001) [4] ). The variation in flux for the first six months after detection confirmed the source as a radio supernova [5] . It was named SN 2000ft and it is the first radio supernova ever detected in the circumnuclear ring of a Seyfert 1, luminous infrared galaxy and at a distance of 600 pc from the galaxy nucleus. At a distance of 70 Mpc, SN 2000ft is one of the most luminous and distant RSNe ever detected. Our MERLIN maps obtained at 5 GHz [1] , at the highest angular resolution of 50 mas achievable with MERLIN, show a structure consisting of an elongated galaxy nucleus and the radio supernova SN 2000ft (see Fig. 1 ). The nucleus shows a core-jet structure, with an average integrated flux density of 20.9 mJy within an angular region of 200 mas (64 pc), with the core (probably, the westernmost component) having an average flux density of 11.5 mJy. The extended, diffuse emission at 8.4 GHz coming from the circumnuclear starburst is completely resolved out. 
The time evolution of SN 2000ft
After the discovery, we initiated a multifrequency radio continuum monitoring program of NGC 7469/SN 2000ft: at 8.4 GHz, with the VLA in A-configuration; at 5 GHz and 1.6 GHz, with MERLIN. At 1.6 GHz, SN 2000ft has not been (or marginally) detected. We have monitored the flux density evolution of SN 2000ft for almost six years after its discovery and have fitted the light curves in terms of the "mini-shell" model [3] . Alberdi et al [1] -with data from the first three years of life of SN 2000ft-and Pérez-Torres et al [16] -with data from the first six years (see Fig. 2 )-have concluded that: i) the radio evolution of SN 2000ft shows the typical characteristics of a luminous type II supernovae (8.4 GHz peak luminosity: 9.4×10 20 W Hz −1 ; spectral index: α=0.9±0.1; power-law flux density time decay: β=-2.07) although it is evolving in a strongly magnetized and radiation dominated environment (density of 10 4 cm −3 , U rad > 5 ×10 −9 erg cm −3 , average magnetic field of 400-500 µG); ii) the non-detection of SN 2000ft at 18cm continuum 1.5 years after detection is explained considering the existence of a foreground free-free absorption; iii) the evolution of SN 2000ft is governed by the interaction between the supernova ejecta and the circumstellar [16] . Note that the data beyond t=1000 days follows genuinely a power-law decline with a steep profile (β=-2.07±0.13; S ν ∝ t β ) [16] . medium (CSM). Our 8.4 GHz VLA monitoring of SN 2000ft for ∼2100 days shows that its radio emission follows a rather steep decline (β=-2.07±0.13; S ν ∝ t β ), which is typical of supernovae exploding in rather normal environments. This result confirms that the late-time radio emission of SN 2000ft is still being powered by its interaction with the presupernova stellar wind, rather than by interacting with the ISM. In fact, Pérez-Torres et al (2008) [16] find that the ram pressure of the presupernova wind is about seven times larger than the inferred ISM pressure in the inner starburst regions of M82, and predict that the interaction with the ISM will become prominent in a period of ∼ 15 years. We could compare the behaviour of SN 2000ft in NGC 7469 and the RSNe in Arp 220: the peak luminosity and circumstellar matter opacity are similar to other type II supernovae detected in luminous infrared galaxies such as Arp 220. On the other hand, many of the RSNe in Arp 220 show a slower decay in its flux density than SN 2000ft: this could be explained assuming that the radio supernovae in Arp 220 are embedded in such a dense ISM that the interaction of the ejecta with the ISM and the slower decay in flux density appear earlier, when the radio luminosity is still high.
We have searched in our radio images for recently exploded core-collapse supernovae. Apart from SN 2000ft, we have found evidence for two supernova candidates that would have peaked at ∼ 80µJy and ∼ 120µJy [16] .
As a byproduct, we have obtained a high sensitivity image of NGC 7469 (see Fig. 3 ) by combining the radio interferometric data for all epochs (1998 through 2006), where we have [16] .
The nuclear region of NGC 7469
We have performed VLBI observations of the nuclear regions of NGC 7469 at 6cm and 18cm with the European VLBI Network (EVN) (see Fig. 4 ). The image shows that the NGC 7469 nucleus consists of at least five compact sources located along an east-west line, with no evidence for diffuse emission or a jet-like structure connecting the compact sources. They are contained within an area of 150 mas (50pc) with a total flux density of 15 mJy (at 18cm) and 10 mJy (at 6cm). Some of the components are unresolved, while the others have evidences for substructure (for example, the westernmost one [2] ). It is still unclear whether these components trace the typical core-jet structure of an AGN Figure 4 . EVN Images of the nuclear region of NGC 7469 at 18cm and 6cm, with an angular resolution of 10 mas and 6 mas, respectively [2] . All the VLBI sources are contained within an area of 50 pc.
or, alternatively, we are seeing compact starforming regions where individual, or clumps of radio supernovae are exploding, as found in Arp 220: -On one hand, a spectral index map based on our quasi-simultaneous 6cm/18cm EVN images show that none of the components has a flat/inverted spectrum (all the nuclear components show steep spectra, with values between -1 and -0.3, with the westernmost component having the less steep spectral index), which could be interpreted in terms of young starforming regions (where core-collapse supernova are currently exploding), and older regions, formed by chains of supernova remnants. We also note that all the VLBI sources are within an area of 50 pc, which is also the size of the nuclear starburst reported by Davies et al (2004) [6] .
-On the other hand, our 18 cm EVN image is very similar to a previous 18cm VLBI image obtained in 1995 [9] , with no clear indications of flux density variability, which could hint to a core-jet structure. Additionally, the supernova rate for NGC 7469 is a factor of 5 lower than for Arp 220 (based on their infrared luminosities) and one would expect radio supernovae to be found in the starburst ring more than in the Seyfert 1 nucleus, which should be coincident with compact AGN emission. Moreover, there is evidence for a 10 7 M central black hole from reverberation mapping [14] . The MERLIN and VLBI maps have a size and orientation consistent between them. However, the MERLIN map suggests that the westernmost component is the core while, in our VLBI maps, it is still unclear which component is the putative core. So, the relation between the east-west core-jet structure mapped with MERLIN at 5 GHz and the milliarcsecond VLBI structure needs further investigation. June 2007 (see Fig. 5 [15] ). This detection, about three years after its explosion, indicates a prominent interaction of the ejecta of SN 2004ip with the circumstellar medium, confirming that the supernova was a core-collapse event and thus suggesting that its progenitor was a massive star with a significant mass-loss prior to its explosion. Its luminosity is about twice as bright as SN 2000ft in NGC 7469 at a similar age, suggesting that SN 2004ip is a type IIn core-collapse supernova.
Assuming a shock velocity of 10.000 km/s, the size of the supernova is ∼0.03 pc. Unless the mass loss rate is huge or the ISM pressure is very large, we can predict that SN 2004ip is still in its radio SN phase, being powered by the prominent interaction with the circumstellar medium.
The case of SN 2008cs in IRAS 17138-1017
Kankaré et al (2008) [8] report the discovery of a supernova (SN 2008cs) in near-infrared images from the ALTAIR/NIRI adaptive optics system on the Gemini-North Telescope. SN 2008cs was discovered in IRAS 17138-1017, a LIRG (L f ir = 3 x 10 11 L ) at a distance of 75 Mpc. SN 2008cs is located in the nuclear regions of IRAS 17138-1017, at about 1.3 Kpc projected distance from the galaxy's nucleus. SN 2008cs was detected using VLA observations at 22 GHz (see Fig. 6 ), 28 days after the SN discovery, confirming its classification as a core-collapse supernova and indicating a prominent interaction of the SN ejecta with the circumstellar medium. 
Summary
Here we list a summary of our main conclusions: -A direct estimate of the Core-Collapse Supernova Rate in nearby Luminous Infrared Galaxies (LIRGs) can be obtained by a few-year long radio monitoring of a sample of LIRGS; -The monitoring of the brightest events will allow to characterize the kind of SNe that occur in starbursts; -Multi-frequency observations discern (young) SNe from Supernova Remnants; -Very high resolution radio imaging of LIRGs are able to disentangle AGN from starforming regions up to the most distant ULIRGs in our local universe.
